Cloned animal have been reported by somatic cell nuclear transfer (SCNT) for many years.
Introduction 26
The scientists at the Institute of Neuroscience (Chinese Academy of Sciences), recently 27 cloned the world's first monkeys Zhong Zhong and Hua Hua (the Zhong Hua is a mandarin 28 for producing cloned animals still inefficient.
49
The transcription factor of double homeobox (Dux) was identified as a key inducer of ZGA in 
64
The effect of ZGA-regulators in somatic cell reprograming remains unknown. Thus, the aims 65 of this study were to explore the relationship between ZGA-regulator and SCNT efficiency, 66 and to identify a smart factor that could promotes the efficiency of somatic reprogramming.
68

Results and Discussion 69
We have recently established a MERVL::tdTomato based ZGA real-time monitor system (Yang 70 et al., 2018). To identify candidate factors that facilitate ZGA in SCNT reprogramming, we 71 carried out a siRNA-repressor and mRNA-inducer screening in SCNT ( Figure 1A) . From the 72 screen, we identified a number of factors that when over-expression or knock-down resulted 73 in reporter activation (supplement Figure S1A ). Among the identified factors, Dux, Dppa2, and 74 Dppa4 showed the strongest phenotype ( Figure 1B and C). Intriguingly, we found that most 75 SCNT embryos injected with Dppa2 or Dppa4 mRNA arrested at the 1-cell stage (called '1-76 cell block' for simplicity; Figure 1D and E; supplement Figure S1B , Movie S1, S2). Direct 77 injection of Dux mRNAs had no significant impact on the blastocyst formation rate (vs. 78 canonical SCNT; 21.2% vs. 23.6%; Figure 1D ; supplement Table S1 ). Indeed, direct injection 79 of Dux will increase the rate of SCNT embryo fragmentation ( Figure 1D and E; supplement 80 Movie S2). Nevertheless, when Dux was over-expressed in SCNT embryos, the rate of 2-cell 81 5 block was significantly reduced ( Figure 1D ). These results suggest that Dux (but not Dppa2/4) 82 is a key factor whose overexpression can rescue 2-cell arrest in SCNT embryos.
84
It is known that ZGA is governed by a time-dependent 'zygotic clock' (i.e. 24h post-fertilization), Figure S2A -B). By switching the culture medium between dox-containing 90 and -lacking at various time points, the critical period for the dox-Dux requirement was mapped 91 to a 24-h window ( Figure 1F ). When the dox was supplied in this window, the SCNT blastocyst 92 formation rate was significantly increased ( Figure 1G ; supplement Table S2 ). Subsequently, 
95
Unsupervised hierarchal clustering revealed that the ICSI and D-SCNT generated embryos in 96 the same cluster, and ZGA-genes were upregulated in D-SCNT embryos ( Figure 1H 
100
The SCNT blastocyst rate was improved by injecting Kdm4d mRNA (K-SCNT) (Matoba et al., 101 2014). We next compared the developmental potential of SCNT embryos derived by K-SCNT 102 and D-SCNT. We found that the blastocyst formation rate of D-SCNT was similar to K-SCNT 103 (84.72% vs. 86.79%; supplement Figure S4A , Table S2 ). Nonetheless, the cloned pup birth 104 rate of D-SCNT was higher than K-SCNT (10.71% vs. 7.81%; Figure 1J ; supplement Table   105 S3). Despite D-SCNT or K-SCNT, the abnormally large placentas are still observed in those 106 cloned pups (supplement Figure S4B , Table S3 ). Previous studies have indicated that knock- and Si-SCNT improved the pup birth-rate from 1.01% to 12.24%, but less than D-SCNT 111 combined with Si-SCNT (18.60%; Figure 1J ). Genotyping analysis confirmed that all the 112 cloned pups were generated from donor cells (supplement Figure S4C ). The large placental 113 phenotype was rescued by the D-Si-SCNT combined approach (supplement Figure S4B ). Table S4 . 
217
N2B27-SII medium: N2B27-based medium supplemented with 10 ng/ml LIF, 50 μg/ml vitamin 218 C, 25 ng/ml bFGF, 2 mg/ml Albumax-II, and the small-molecule cocktail VC6TF5ZDS (VPA at 219 1 mM). Stage III medium: N2B27-based medium with 3 μM CHIR99021, 1 μM PD0325901, 220 10 ng/ml LIF, and 50 μg/ml vitamin C. On day -1, MEFs were seeded at 50,000 cells per well 221 of 6-well plate with MEF culture medium. The next day (day 0), change the medium into 222 optimized stage I medium. From day 6~12, cells were cultured in optimized N2B27-SII medium.
223
During day 12~16, cells were cultured in stage III medium with 500 μM VPA. On day 16, VPA Table S5 .
251
Chimeric mice and embryo transfer
252
For chimeric experiments, CiPS cells were used one day before passaging, which showed an 253 optimal undifferentiated morphology. The CiPS cells were microinjected into CD1/KM 254 blastocysts using a Piezo (Primetech, Japan) microinjection pipette. After culturing for 3 h, the 255 embryos were transplanted into the uterus of pseudopregnant mice (~15 embryos per mouse).
256
The 2-cell stage SCNT embryos were transferred to the oviducts of E0.5 pseudopregnant (~20 257 embryos per mouse). The cloned pups nursed by lactating CD1/KM females. SSLP analysis 258 was performed for D6Mit15 and D2Mit102. The primer information is presented in Table S5 . 
